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Summary 
Th巴effectsof the amino acid analogs azetic1in日 2'caboxylicacid (A2C)， hydroxyproline and 
thioproline， on the growth of ArabidoJうsisthaliana (L.) Heynh. ecotype Landsberg was tested for・
isolate pro!ine analog-τ日sistantmutants. “Zero growth" concentrations of εach inhibitor wer巴
30μM，l mM and 1.5 mM respectively. Because A2C was th巴mosteff巴ctiveinhibitor， itwas used 
to isolate mutants resistant to the pro!ine analog. Growth inhibition by A2C was reversed by low 
prolin巴concentrations.Five hundred thousand of bulk-harvested M2 seeds (derivec1 from 100，000 
M， seeds of Arabidopsis mutagenized by 0.3% EMS) were germinatec1 on agar-solic1ified mec1ium 
containing 150μM A2C. 1n this medium r日sistantmutants w日reable to germinate and proc1uce 
norl11al shoots and roots. 1、hirty-nineputative mutants were selected. From this initial screeηing 
only 22 resistant l11utants were chosen as these were found to be fertile. Their progeny was re-
S巴lectec1for resistance to A2C in thεM4 generation， anc1 some resistant lines werεobtain巴d.The 
mutant R26 2 and the wild.type seec1lings were testec1 for NaCl tolerance. 1n adc1ition， the mutant 
R26-2 showec1 better tolerance than the wild-type under the low concentrations of N aCL 






Abbreviations: A2C， L..azeticlin巴 2-carboxylicacicl; EMS， Ethyl Methanesulfonate; Hyp， fmns-4 
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Fig. 1. Growth of wild-typ巴 (WT)
seedlings on a range of con. 
centrations of 3 prolin巴 ana
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Fig.2. T巴stfor resistance to 50μM A2C of thεwild-typ巴
(WT) and selected mutant s巴巴dlins.A M4 progeny of 
selected mutants from M2 populations; B M5 progeny 
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Fig. 3. Sensitivity of wild-type (WT) and mutant 




















Fig. 4. Growth of mutant (R26-2) and wild..type 
seedlings in petri clishes containing A2C 
Plants were grown 9 days in the pr巴S巴nc巴of
A， D no aclditions; B，E 50μM A2C; C， F 100 
μM A2C. Upper row: wilcl…type seecllings: 
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Fig. 5. Growth of wilcl.typ巴seecllingsin thεpre任
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Fig. 6. Relief by proline of A2C growth inhibition 
A WT seedlings; B WT roots; C R26 2 secl. 
lings; D R26-2 roots 
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られた各プロリンアナログの選抜濃度は Hyp2 ~10 
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Fig. 7. Growth of mutant (R26-2) 
and wild-type (WT) seedlings 
in the presence of NaCI. A seed-






















































1. Aspinal!， D. and L. G. Paleg (1981). Prolin巴accumulation:physiological aspects. in “The Physiology 
and Biochemistry of Drought Resistance in Plants"， eds by Paleg， L.G. and D. Aspinal!， p 206-241. 
Acad日micPr巴s.ISBN 0-12-544380-3 
2. Fukutoku， Y. and Y. Yamada (1984). Sourc巴sof proline-nitrog巴nin water-stressed soybean (Glycine 
印刷;).I. Fate of 15N-labelled protein. Physiol. Plant. 61， 622-628 
3. Sivaramakrishnan， S.， V. Z. Patel!， D. J. Flower and ]. M. Peacock (1988). Proline accumulation and 
nitrate reductase activity in contrasting sorghum lines during mid-season drought stress. Physiol 
Plant. 74， 418-426. 
4. N aidu， B.P.， D.Aspinall and L. G. Paleg (1992). Variab日ityin proline-accumulating ability of barley 
(Hordeum vulgare L.) cultivars induced by vapor pressure deficit. Plant Physiol. 98， 716→722 
5. Schobert， B. and H. Tschesch巴 (1978).Unusual solution properties of prolin巴andits interaction with 
福徳:プロリンアナログアゼチジン 2カルボン酸耐性シロイヌナズナの選抜 29 
proteins. Biochim. Bio戸Jzys.Acta 541， 270-277 
6. Rensburg， L. V.， G. H. J. Krug巴rand H. Kr戸uger(19ヲ3).Prolin日accumulationas drought-toleranc巴
selection criterion: its relationship to membran日integrityand chloroplast ultrastructure in Nicot品目na
tabacum L. ]. Pla日t.Physiol. 141， 188-194 
7. Widholm， J.M. (1976). Selection and charact巴rizationof cultured carrot and tobacco cel1s r巴sistant
to lysine， methionine， and proline analo邑百 Can. ]. B.ot. 54， 1523-1529. 
8. Cel1a， R.， Parisi， B.and E. Nielsen (1982). Charact巴rizationof a carrot cel1line resistant to az巴tidin巴
2-carboxylic acid. Plant 5α. Lett. 24， 125-135 
9. Van Swaaij， A.C.， Jacobsen， E.， Kiel， J.A.K.W. and W.J. Feenstra (1986). Selection， characterization 
ancl regeneration of hyclroxyproline-resistant cel lines of 50lanz作目的berosum:tolerance to NaCl ancl 
freezing stress. Physiol. Plant. 68， 359-366 
10. Breiman， A.， Vunsh， R. and E. Galun (1982). Characterization of resistance to the proline analog 
azεticline carboxylic acid in Nicotiana sylvestris cel1 line. Z. Pflanzen戸hysiol.105， 383-394. 
1. Riccardi， G.， Sora， S.and 0， Ciferri (1981). Procluction of amino acicls by analog-resistant mutants 
of the Cyanobacterium 五}うかuli対日戸latensis.]. Bacteriol. 147， 1002-1007. 
12. Maisuryan， A.N.， Khacleeva， N.V. and I.L. Driclze (1987)司 Selectionancl characterization of soybean 
cel lines resistant to L-azetidine-2-carboxylic acid. 50viet Plant Physiol. 34， 900-906 
13. Kumar， V. ancl D.R. Sharma (1989). Selection and characterization of an L-thiazolidine-4-carboxylic 
acid resistant cal1us culture of vi必ずiaradiata (L.) Wilczek var. radiata. Plant Cell Rψ7， 648-651. 
14. Gulati， A. and P.K. Jaiwal (1993). ln viかり selection日ndcharacterization of tm四s-4-hydroxy-L-
proline resistant callus lin巴sof Vz;ρ~a mdiata: tolerance to NaCl. Plant Physiol. biochem. 31， 699-705. 
15. Shetty， K‘and Y. Asano (1991). Specific s巴lectionofεmbryogenic cell lin日sin Agrostis alba L. using 
the proline analog thioproline. Plant 5ci. 79， 259-263. 
16. Dorffling， K.， H. Dorffling and G. Lesselich (1993). ln uitm-s巴lectionand regen巴rationof hydroxy 
proline-resistant lines of winter wheat with increased prolin巴contentand increased frost tolerance. 
]. Plant Physiol‘142， 222-225 
17. Kueh， J.S. H. ancl S. W. J. Bright (1981). Proline accumulation in barley l11utant resistant to 1mηs 
4-hydroxy-L proline. Planta 153， 166-171 
18. Verbrugg巴n，N. ancl M. Jacobs (1987). Arabidopsis mutants r巴sistantto proline analogues: isolation 
and preliminary charact巴rization.Arabid. lnf 5erv. 23， 15-23 
19.亀谷寿昭 (1993) アミノ酸アナログ(5メチルトリプトファン)耐性植物の作出とその特性組織培養 19，
164-167. 
20. Haughn， G. W. and C. Somerville (1986). Sulfonylurea-resistant l11utants of Arabidopsis thaliana. Mol. 
Gen. Genet. 204， 430-434 
21. Elthon， T. E. ancl C. R. Stewart (1984). Effects of the proline analog L-thiazoliclin巴 4-carboxylicacid 
on proline m巴tabolism.Plant Physiol. 74， 213-218 
22. Nielsen， E.， G. For1ani， R. C巴laand B. Parisi (1986). Biochemical characterization of the natural 
resistance of rice to th巴prolineanalogue azetidine-2-carboxylic acid. Pla月t5ci. 44， 147 154 
23. Ricardi， G.， R. Cella， G. Cam巴rinoancl O. Ciferri (1983). Resistanc日to乱Zεtidine-2-carboxylicacid 
and sodium chloricle tolerance in carrot cell cultur巴sancl 5)り1アuli向。ρlafe刀sお PlanlCell Physiol. 24， 
1073-1078. 
24. Sumaryati， S.， 1. Negrutiu ancl M. Jacobs (1992). Charact巴αr守包ation and re昭g巴叩n悶悶巴eratio叩nof s羽al比tar口ldwa抗t巴ぽr 
stress mutants frol11 protoplasts culture of NicoLianaρlumbaginzfolia (Viriani). Theor. A戸l.Genet.83，
613-619 
25. Yoshiba， Y.， T. Kiyosue， T、Katagiri，H. Uecla， T. Mizoguchi， K. Yamaguchi-Shinozaki， K. Wacla， Y. 
H旦radaand K. Shinozaki (1995). Corr巴lationb巴tweenthe induction of a gene forムl-pyrroline-5-
carboxylate synthetase and the accumulation of proline in Arabidopsis thaliana uncler osmotic stress. 
Plant]. 7， 751-760. 
26. Kiyosue，T.， Y. Y oshiba， K. Yamaguchi -Shinozaki and K. Shinozaki (1996). A nuclear gene encoding 
30 佐賀大学農学部葉線第83号 (1998)
mitochondrial proline dehydrogenase， an enzyme involvecl in proline metabolism， isupregulat巴clby 
proline but downregulated by dehydration in Arabidopsis. Plant Cell 8， 1323-1335. 
27. Delauney， A. ]. and D. P. S. Verma (1993). Proline biosynthesis and osmoregulation in plants. Plani 
J. 4， 215-223. 
28. Taylor， C.巳 (1996).Proline and water deficit: ups， downs， ins， and outs. Plant Cell 8， 1221-1224. 
